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Gas Chromatographic Determination
of Dopamine and Related Compounds*
D. D. Clarke, S. Wilk, and S. E. Gitlow
Ch emistry D epartment
Fordham Univer s ity
Bronx, N ew York
D epartment of Medicine
Mount Sinai Hospital
N ew York, N ew York

INTRODUCTION
Numerous studies have suggested a relationship between the biogenic amines and affective states, and this topic has been the subject
of many detailed reviews in the past year [1 ' 2 , 3 ]. Before the excitement in this regard in the field of neurochemistry, for example, in
Parkinsonism
and in schizophrenia [5), there had been clinical
interest in the determination of metabolic products of the catecholamines as in those pathological conditions in which the end products
of catecholamine metabolism are excreted in the urine in unusual
quantities, for example, neuroblastoma and other catecholamineproducing tumors. This field was in large measure opened up by the
studies of Armstrong et al. [6 • 7], in which paper chromatographic
separations were employed. At the present time it is very likely that
the paper chromatographic methods provide the most commonly used
tool in studies involving the screening of the urines of large numbers
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of hospital patients for the presence of abnormal quantities of such
metabolites [8 ]. The precision of these methods has never been very
satisfactory when more exact studies were contemplated. In addition,
the sensitivity of paper chromatographic techniques has generally
been inadequate for compounds excreted at the levels of dopamine in
normal urine, of the order of 0.1 to 0.2 ,ug/mg creatinine.
The interferences caused by various phenolic products have in
addition often required severe dietary restrictions for valid analytical
results to be obtained (9].
The development of fluorimetric procedures for the catecholamines
as well as for other biogenic amines solved many of the problems of
sensitivity of detection methods, but usually not those of selectivity
for the substance to be determined. However, if preliminary separations are employed, fluorimetric methods have been quite successful
for the analysis of biogenic amines and currently are the most commonly employed methods in such studies [10 ]. Fluorimetric methods,
however, have their disadvantages, for example, the great susceptibility
to quenching of fluorescence by a variety of substances.
This has prompted many workers in the field of gas chromatography
to attempt to develop methods for determining biogenic amines in
urine or other tissue fluids. The speed, selectivity, and sensitivity of
gas chromatographic methods make them seem very attractive for
tackling this problem [11 • 12 ]. These amines are rather polar and poorly
volatile and hence, are not the best candidates for direct separations
by gas -liquid chromatography (G LC). Derivative formation prior to
GLC has been the method most often resorted to by those who have
attempted these analyses at the nanogram level [11 , 13 - 16 ]. The solution to the problems of the separation of catecholamines and related
substances as their acetate derivatives was reported by Horning and
coworkers at the second International Symposium on Advances in Gas
Chromatography in 1964 [15 ]. These workers used the argon ionization
(AID) and hydrogen-flame (HFD) detectors and found it necessary to
inject 0.1 to 1.0 f.J-g of these amines onto the columns. For the preparation of derivatives, 20 to 60 ,ug of the appropriate amines were
used. A little calculation shows that approximately 1 liter of urine
would have to be processed to form the acetylated derivatives of the
catecholamines at the levels normally excreted in human urine. The
size of the sample injected onto the column would correspond to that
originally present in approximately lOml of urine. It can be antic ipated
that, unless a great deal of preliminary purification of the urine sample
is employed, phenolic substances excreted in urine and those supplied
in the diet would probably create serious interferences with the ana-
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lytical method.
While the methods presented by Horning ahd coworkers solved the problem of determining biogenic amines in
principle, to our knowledge their methods have not been satisfactorily
reduced to practice.
We chose to pursue this problem with a view to improving the
sensitivity of detection of the catecholamines and decided that the
electron-capture detector would offer a suitable increase in sensitivity
over the flame ionization (FID) or argon ionization (AID) detector if
suitable derivatives of the catecholamines , sensitive to this detector,
could be prepared readily. It has been repeatedly observed that under
favorable circumstances the electron capture detector is up to 103
times as sensitive as FID or AID.*
Our first attempts in this area led to the demonstration that the
heptafluorobutyrylated derivatives of a number of biogenic amines
could be separated easily and detected with the required sensitivity
using the electron-capture detector [18 ]. Trifluoroacetylated derivatives were also found to be detected with adequate sensitivities for it
to be worthwhile to attempt the development of a practical procedure
for separating and determining catecholamines in reasonably small
samples of tissues or body fluids.
Since excess trifluoroacetic anhydride is more readily volatilized
than HFB anhydride, the former was chosen for derivative formation.
Urine was chosen for the initial study because it is the most readily
available fluid for studies involving human patients and, in addition,
the low levels of catecholamines excreted in urine would tax the sensitivity of the analytical method to the limits that they might be called
upon in most metabolic studies. In addition, dopamine is known to be
excreted in urine in larger quantities than epinephrine or norepinephrine [19 ] and it lacks the ,8-hydroxyl group that sometimes makes
derivative formation more difficult and it causes further instability
in acid media. The rearrangement of epinephrine and norepinephrine
in acid solutions has been studied by Fellman [20 ] and was used by him
as the basis for a colorimetric determination of these catecholamines
by the formation of dinitrophenylhydrazones of the substituted phenylacetaldehydes formed on rearrangement f 1].
The column employed previously by us in the assay of vanillylmandelic acid [22 ], that is, QF -1-0065, appeared satisfactory for the
separation of dopamine from epinephrine or norepinephrine and was
• An alternative approach to the use of this more sensitive detector is the use of a solids
injection technique [11] in conjunction with the FlO or AID. Such equipment was not commercially available at the time we started our work, and we did not pursue this approach.
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employed in the development of a procedure to quantitate the excretion
of dopamine in urine f 3 ' 24 ]. *

MATERIALS
Urine was preserved by acidifying with 6N HCl and refrigerating.
Alumina (Woelm Grade 1) was processed by the method of Anton and
Sayre [26 ].
Trifluoroacetic anhydride was obtained from Eastman
Organic Chemical Company, and ethyl acetate (reagent grade) was
redistilled from P 20 5• The column packing utilized was 6%QF -1-0065
coated on Anakrom ABS 60/70 mesh (Analabs Company). The column
was cured for 72 hr at 215°C before use. Matheson prepurified
nitrogen was utilized as the carrier gas.
Pure dopamine (3, 4dihydroxy- {3 -phenylethylamine) · HCl was .obtained from The Chemicals Procurement Company. Epinephrine · HCl and Norepinephrine ·
HCl were obtained from K & K Laboratories; 3,4-dihydroxymandelic
acid and 3 ,4-dihydroxyphenylacetic acid were obtained from Calbiochem Company; 3,4-dihydroxyphenylalanine was obtained from The
Cyclo Chemical Company; and N- methyl-dopamine (Epinine) • HCl
and {3-H3 -dopamine were generously donated by Menek Goldstein of
the New York University College of Medicine .

ANALYTICAL PROCEDURE
To a 25-ml sample in a 45-ml ground glass stoppered centrifuge
tube was added 1. 5ml of 70%HC104 • The mixture was shaken for 1 min
and centrifuged , and the precipitate was discarded by decanting the
urine into a 50- ml beaker containing 0. 5 g alumina. Dopamine was
adsorbed on the alumina by adjusting to pH 8-8. 5 with NaOH employing a ·
Beckman pH meter and a magnetic stirrer. After the pH had obtained
a constant value the solution was stirred for an additional 3 min and
the contents were allowed to settle. The excess supernatant was
removed by use of a capillary pipette , and the alumina was quantita*In the papers mentioned above we reported that epinephrine and norepinephrine were cleanly
separated from each other as well as from dopamine. Recently this work could not be repeated, and this has been traced to a mislabeled sample of epinephrine from a commerc ial
source . While dopamine is cleanly separ ated from the other catecholamines, epinephrine
and norepinephrine overlap considerably under the conditions pr esently in use. The peak
formerly attributed to epinephrine [ 23, 24 ] has now been identified as the {3-methyl ether
of epinephrine [ 25 ] . Work is now in progress to find GLC c olumns and conditions suitable
for the separation of all three c atecholamines as their trifluoroacetates so that these may
be determined simultaneously not only in ur ine but also in various tissues.
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tively transferred to a 15-ml ground glass stoppered centrifuge tube.
The alumina was washed three times with 13- ml water each time by
shaking for 3 min, centrifuging, and removing the water wash by
suction. The dopamine was eluted from the alumina by shaking it for
15 m in with 3.0 ml of 0. 25N acetic acid. After centrifugation for 15
min, a 0.5- ml aliquot of the eluate was removed and transferred to a
50-ml round-bottomed flask.
The contents were taken to dryness
using a flash evaporator, and the derivative was formed by adding
1. 5 ml ethyl acetate and 0.25 ml trifluoroacetic anhydride to the residue. The reaction mixture was stoppered and allowed to stand for
1 hr at room temperature. After this period of time the contents were
quantitatively transferred to a 4 - ml screw-cap vial and evaporated
under dry nitrogen. The derivative was taken up for chromatography
in 10.0 ml redistilled ethyl acetate and stored in a freezer until ready
for injection. A Packard Model 7508 Gas Chromatograph equipped
with an electron-capture detector was employed. Chromatography is
effected on a 6 ft x 4 mm O.D. coiled glass column packed with 6%
QF-1-0065 coated on Anakrom ABS 60/70mesh (Analabs). The column
temperature was maintained at 160°C, with the nitrogen flow adjusted
to 65 ml/min.
The inlet, outlet, and detector temperatures were
kept 20° higher than the column temperature. The meter range was
set at 3 x 10-10 A, with the anode voltage at 50 V. To the column was
applied 3 p.l of sample using a Hamilton Model 701 microliter syringe .
Standards of trifluoroacetylated dopamine, norepinephrine. or epine phrine, useful in location of retention time and determination of linearity, were prepared by reacting 1 mg of the catecholamine HCl in 1 ml
redistilled ethyl acetate with 0. 5 ml trifluoroacetic anhydride in a 4 ml
screw-cap vial covered with aluminum foil and capped tightly for a
period of 1 hr at room temperature. The contents then were evaporated
to dryness under dry nitrogen, and the derivative was taken up in
1.0 ml redistilled ethyl acetate. A dilution of 1/ 250 was made for
injection. Parallel urine samples containing 2 to 10 f..Lg added dopamine
were carried through the procedure to establish a curve for quantitative
purposes .

RESULTS
The trifluoroacetylation of dopamine leads to the formation of a
single derivative with a re~ention time of 7.8 min on the QF -1 phase
at 160°C and a hydrogen flow rate of 65 ml/min. Similarly. epinephrine
and norepinephrine generally formed single products upon exposure
to trifluoroacetic anhydride with a retention time of 9.1 min.
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The fully trifluoroacetylated derivatives of epinephrine and norep inephrine were completely separated from the dopamine derivat ive
but not from each other. The peak area for dopamine expressed in
square millimeters was found to be linearly related to the quantity of
derivative injected. When authentic dopamine was added to parallel
urine samples and carried through the procedure, the area of the
derivative peak was found to increase in direct proportion to the
quantity of added dopamine. A curve constructed from such values is
used to quantitate the dopamine level in urine samples. Reproducibility,
determined by carrying two sets of eight identical samples through the
procedure, was found to be i 15%. Recoveries were determined by use
of {3-H3 - dopamine. The recovery in the alumina eluate was computed
to 47. 0% + 10. 3% (S.D.) , and recovery through the entire procedure
prior to injection onto the column was 42.8% ± 10.8% (S.D.). Urinary
dopamine was assayed by this technique on a series of 14 normal
human urine specimens. The mean excretion was found to be 0.15
1-1-gfmg creatinine ±0. 05 (S.D.), range 0.08 to 0.23 . A urine sample
from a case of proven neuroblastoma contained 41. 1,ug/mg creatinine ,
and a urine sample from a case of proven pheochromocytoma contained
0. 60 ,ug /mg creatinine.
The chief difficulty in the development of this procedure was the
instability of the dopamine trifluoroacetate derivative in the final solu tion prior to chromatography. 0-trifluoroacetates are rather unstable
in the presence of water or traces of acid or base f 7 ' 28 ]. Although
standards of dopamine trifluoroacetate stored in a solution of ethyl
acetate have been found to be stable for at least a week at room
temperature, the derivative obtained after adsorption onto and elution
from alumina has been observed to slowly hydrolyze almost immediately.
This is believed to be due to traces of alumina and/or
aluminum acetate in the residue following evaporation of the alumina
eluate . To circumvent this problem, two modifications were employed.
First, only 0.5 ml of the 3.0 ml eluate was utilized, thus reducing the
amount of catalyst by one-sixth. It was also observed that the hydrolysis is temperature-dependent and may be slowed down considerably
if derived samples are stored in a freezer rather than at room
temperature. Using these two precautions, the dopamine trifluoro acetate from urine samples was found to be stable for several hours .
This consideration limits the number of samples that may be processed
at a given time , and we have found that eight samples appear to be
a good working number.
u -s e of the standard curve as described above is only valid as long
as the detector sensitivity remains constant. This may be checked by
the injection of any suitable standard before each day 's use of the gas
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Fig. 1. Comparison of dopamine trifluoroacetate from a normal urine sample
:.C: 21.5 mg creatinine with a sample of neuroblastoma urine ~ 3.5 mg creatinine,
and a sample of pheochromocytoma urine :o: 1.4 mg creatinine. Dopamine values
computed: normal urine = 0.19 11g/mg creatinine; neuroblastoma = 41.1 ilg/mg
creatinine; pheochromocytoma = 0.60 11 g/mg creatinine.*

chromatograph. :Alternatively, a parallel urine sample containing 5 J.J-g
dopamine may be processed with the unknown for quantitation.
Similarly, the sensitivities that are discussed later are not to be taken
as absolute values since they depend on the preparation of the detector.
Higher sensitivities may be obtained with a recently cleaned detector
or with a more sensitive current range.
The values reported in the literature for urinary dopamine assayed
by fluorimetric procedures vary widely, and this method represents
the first truly independent check on these various procedures . Most
literature values of dopamine excretion are reported as micrograms
per 24 hr, although in our laboratory we have favored expression in
terms of micrograms ~r milligrams creatinine. The latter values
can be compared to the former by multiplying the latter by 1000, which
represents an average excretion of creatinine in milligrams for a 24
hr period. By this approximation the GLC method finds 150 ± 50 1-Lg/24
hr . Among the values reported in the literature are 100 to 200 f.J-g/24
hr by Von Euler et al .. [19 ], 199 ± 36 p.g/24 hr by Drujan et al. 9 ], and
most recently 197 1-Lg/24 hr by Mattok et al. [30 ] using an ultraviolet
procedure. Higher values were reported by Barbeau et al. [31 ] (316 ±
63 J.-Lg/24 hr and by Bischoff and Torres [32 ] (373 ± 63 J.-Lg/24 hr). Thus
the G LC procedure closely agrees with the median values proposed by
Drujan [29 ] and Mattok [30 ] .
It is evident in Fig. 1 that additional peaks not found in urine from

r

*See notes added in proof.
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reacting within an electron-capture detector.
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for a series of aromatic acetates react.ing within an
electron-capture detector, utilizing only those
values of a known with the greatest certainty •

.11ormal individuals are present in urines from patients with neuro blastoma (center) and pheochromocytoma. The additional peak in the
urine from the patient with pheochromocytoma was identified from its
retention time as being due to the presence of epinephrine or norepinephrine or both. In the neuroblastoma urine the peak that precedes
dopamine was shown to be due to dihydroxyphenylalanine. The peaks
with retention times longer than 14 min have not been identified to date.
In order to determine whether any interferences in the dopamine
assay would arise from normally occurring catechol compounds,
several of these compounds were trifluoroacetylated and the retention
times of the derivatives were noted. No interfering substances were
found. The retention time of 3, 4-dihydroxyphenylalanine trifluoro acetate was 5.4 min and thatofN-methyl - dopamine (epinine) trifluoroacetate was 8. 8 min. The catechol acids, 3, 4-dihydroxymandelic acid
and 3,4-dihydroxyphenylacetic acid, when trifluoroacetylated, apparently did not chromatograph since no peaks were observed for
these c ompounds .
The analysis of norepinephrine and epinephrine by a similar

Table I. Electron-Capture Properties of Trifluoroacetamides
Derivative

Mp, oC

F analysis
Found
Theor .

N-Benzylttifluoroacetamide t
N-a- Methylbenzyltrifluoroacetamide
N-!3-Phenylethyltrifluoroacetamide
3,4 - Dimethoxyphenyl- N 13-ethyltrifluoroacetamide
Glycine ethyl ester - N- trifluoroace t amide :1:
N- Tyraminetriflumoacetamide
N, 0- Bis -~rifluoroacetyltyramine §
N, 0 - Bis - trifluoroacetyltyramine §
phenylethylamine
p- Hydroxypheny ltrifl uoroacetamide
0- Hydroxy pheny ltr ifluoroacetamide
N, N- Methyl-8- phenylethyltrifluoroacetamide§

73
63 - 65
58

28.08
26.27
26.27

27.95
24.95
26.35

83

20.58
28 .64
24.46

46-47
151

Chromatographic
condition •

34.76
27.80
27.80

Sensitivity ,
mm 2/10- 9
moles

A
A

1.6
2. 2
3.4

0.8
0.5
0.5

20 .73

c

3.1

0.4

28.49
25.96

A
A

1.2
9.4
8.8

3
0.8
8110

A

5.6
6 .2
3.1

5000
10
345

B

1.3

3

A

A

75 - 77
170
164

Rt
min

33.01
27.86
27.99

A
A

*A, 6% QF-1. 152°C, N2 flow= 30 ml/min; 8, 6% QF-1, 155°C, N2flow = 80 ml/min; C, 6% QF-1, 187°C, N 2 flow = 80 ml/min.
iMp = 73.5-75. Bourne, E.j., Henry, S.H., Tatlow, C.E.M., and Tatlow, j.C., J. Chern. Soc. 4014 (1952).
tMp = 51.5. Weygand, F., and Leising, E., Chern. Ber. 87:218 (1954).
§This compound was not obtained in crystalline form and was not analyzed.
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procedure now appears possible. Different liquid phases must be
investigated to attempt to increase the separation factor between them
and dopamine since the much greater abundance of the latter compound
in urine can swamp out the smaller epinephrine and norepinephrine
peaks. An alternative approach would be the separation of dopamine
from norepinephrine and epinephrine before the derivative is for,:med
by use of an ion-exchange column [33 ]. The optimum reaction conditions
for formation of the norepinephrine and epinephrine derivatives must
be established since minor components for both have been observed
at times, presumably due to incomplete trifluoroacetylation of the
{3-hydroxyl group. Finally, studies must be undertaken to determine
conditions leading to increased stability of these derivatives so that
the total 3. 0 ml of eluate rather than a 0. 5 ml aliquot can be taken for
analysis. Such investigations are currently being performed in our
labora tory.
As can be seen from the recovery studies using tritiated dopamine,
the chief source of losses and of variability in this procedure occur
at the first step where the catecholamines in urine are adsorbed onto
alumina. Work is now in progress to improve this step in the procedure . The use of columns of alumina instead of the batch adsorption
procedure used here is being investigated in an effort to increase the
recovery of catecholamines as well as to decrease the variability of
± 15% currently obtained.
STRUCTURAL FACTORS AFFECTING
THE SENSITIVITY OF TRIFLUOROACETA TES
TO THE ELECTRON CAPTURE DETECTOR
Trifluoroacetates are known to be very useful derivatives in. many
gas chron1atographic applications because of their great volatility as
compared to other acylated derivatives. In our naYvete' on entering
the field of gas chromatography, we expected that the strongly electronegative fluorine atoms should greatly enhance the electron capture
properties of these substances.
Our view was reinforced by our
finding that the trifluoroacetate of vanillin was very sensitively detected by electron capture spectroscopy [22 ]. We applied this observation to increasing the sensitivity of the method for determining VMA
developed by Pisano et al. 4 ]. In addition, this idea was applied to
developing methods for the separation of catecholamines and some of
their derivatives with detection at the nanogram level [23 ' 24 ]. In the
course of these studies we were greatly surprised when we observed
that the trifluoroacetyl derivative of homoveratrylarnine [that is, {3(3, 4-dimethoxyphenyl) -ethylarnine] was very insensitive to the electron

e

Table II. Electron - Captur e Properties of Monochloroacetamides
Derivative

N- Benzylmonochloroacetamide
N- a - Methylbenzylmonochloro acetamide
N-8- Phenylethylrnonochloroacetamide
m- Hydroxyphenylmonochloro acetamide
3,4 ,5-Trimethoxyphenyl- N- B
ethylmonochloroace tam ide
N, N- Methyl-B-phenylethylmonochloroace tam ide t

Mp, °C

Cl analysis
The or.
Found

Chromatographic
condition•

Rt
min.

Sensitivity,
mm 2/10- 9
moles

94

1 9.31

18.75

B

3.0

30

76

17.98

18.05

B

2.8

32

62-63

17.98

18.48

B

3.9

24

19.14

18.75

c

3.8

204

12.35

12.37

c

15.0

60

B

8.8

216

136
73-75

*A, 6% QF-1, 152°C, N2 flow = 30 ml/min; B, 6% QF-1 , 155°C, N2 flow = 80 ml/min; C, 6% QF- 1, 181'C, Nz flow= 80 ml/min.
tNot obtained in crystalline form.
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capture detector .
On pursuing this point we observed that monofunctional trifluoroacetyl derivatives were generally quite insensitive
to the electron capture (EC) detector while bi- or polyfunctional derivatives were usually quite sensitive to this detector [27 ].
The original study that set about finding a suitable derivative to
convert hydroxylic functions to derivatives suitable for detection by
electron-capture spectroscopy was carried out by Landowne and Lipsky
35
[ ] who prepared halogeno-substituted acetates of cholesterol. These
authors concluded that the order of response was monochloroacetate
> dichloroacetate >bromoaceta.te > trichloroacetate >trifluoroaceta.te.
Consequently, monochloroacetates were recommended for converting
hydroxylated compounds to derivatives suitable for use with the electron-capture detector. It now seems that this may have been too wide
a generalization. The recent work of Rapp and Eikness on the quantitation of corticosteroids by use of electron-capture spectroscopy
indicates that in certain cases chloroacetates were no more sensitive
to this detector than the corresponding acetates [36 ]. In addition,
monochloroacetates have less desirable chromatographic properties
than simple acetates.
After our experience with the poor sensitivity of trifluoroac.etamides to electron-capture spectroscopy (cf. Table I) we decided to investigate some monochloroacetamides. Some of our results are shown
in Table II. In general the monochloroacetamides were approximately
30 times as sensitive to the electron-capture detector as the corresponding trifluoroacetamides, which in turn were approximately 10
times more sensitive than the corresponding simple acetamides (cf.
Table III).
We also examined some of the corresponding pentafluoropropionamides and heptafluorobutyramides (cf. Tables III and IV). These are
several hundred times more sensitive than the corresponding trifluoroacetamides (cf. Table I). PFP benzylamine is approximately 300 times
as sensitive as TF A benzylamine. and HFB benzylamine is 3 times
as sensitive as PFB benzylamine. For comparison it may be c,?-lculated that using the units of sensitivity employed by us, that is. square
millimeters per nanomole, values somewhere between 10 and 100
would be roughly equivalent to the sensitivity of such compounds to
the hydrogen-flame detector. Thus TFA benzylamine or phenylethylamine would be detectable at 10 times lower concentration by the
hydrogen-flame detector than they would be by the electron-capture
detector.
The corresponding monochloroacetamides would be detected equally well by either detector, and for PFP and HFB amides
the electron-capture detector would offer some advantage in sensitivity of detection over the hydrogen-flame ionization detector. For

.....

(Jl

0

Table III. Electron- Capture Prope r ties of Pentafluoropropionamides and Acetamides
Derivative

Mp, °C

F
Theor.

anal~sis

Found

Chromato graphic
condition •

Rt
min

Sensitivity ,
mm 2/10 - 9
moles

A. Pemafluoropropionamides
N- Benzylpentafluoropropionamide
N-o::-Methylbenzylpentafluoro propionamide
N- 8-Phenylethylpentafluoropropionamide

67 - 69

37 .55

37.20

A

2.2

229

88

35 .58

36.53

A

1.9

191

78-79

35.58

34.68

A

3.1

132

B

2.5
2.5

0.04
0.16

0

•

B. Acetamides
N- Benzylacetamide
N- o::- Methylbenzylacetamide

56-58t
58-60:1:

B

.

C/)

*A, 6% QF- 1, 152°C, N2flow = 30 ml/mln; 8, 6% QF-1, 155°C, N2flow = 80 ml/min.
tMp =60°C. Shriner , R. P., Fuson, R.C., and Cur tin, D.Y., The Systematic Identification of Or ganic Compounds, 4th Ed., Wiley, New Yor k,
1959, p. 288.
tMp = 5t>C. Shriner, R.P ., Fus on, R.C ., and Cur tin, D.Y., T he Systematic Identification of Organic Compounds, 4th Ed., Wiley, New York,
1959, p. 288.
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Table IV. Elect r on- Capture Properties of Heptafluor obutyramides
Derivative
N- Benzylheptafluorobutyramide
N-a - Me thy lbenz y lhe ptafl uoro butyramide
3,4 - Dimethoxyphenyl- N-8 -ethylhe ptafluorobutyr amide
m - Hydroxyphenylheptafluorobutyramide
p- Hydroxyphenylheptafluoroburyramide
N, N- Methyl-8- phenyleth ylheptafluorobutyr am ide t

F analysis
Theor .
Found

Mp, oC

57

43.89

62 .5- 63

41.96

70

35.28

43.63
41 .55
34 .65

Chroma to -

graphic
condition •

~

Rt
min

Sensitivity,
mm 2/10 - 9
moles

A

2.3

715

A

2.2

563

c

>
"'0

-g::r:

()

....j

trJ
~

3:

z

~

0

3.1

206

z

0

'T1

127 - 9

.

43 .58

43 .90

A

6.6

4185

43.58

46 .20 :t

A

8.8

2710

8
"'0
>

114

3:

z
trJ

B

1.6

822

*A, 6% QF - 1, 152°C, N2flow = 30 ml/min; B, 6% QF-1 , 155°C, N2flow = 80 ml/min; C, 6% QF - 1, 181'C, N flow= 80 ml/ min.
tNot obtained in crystalline for m.
Undicates c ontamination with some fully heptafluorobutyrylated derivative. Two peaks were observed, the earlier one being quite s ymmetrical.
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Table V. Electron- Capture Responses of Trifluoroacetates
Electron -capture
resp0nse , mm2 /l0- 9
moles

Source or elemental analysis

tv

Chromatographic
conditions •

A. 0-Trifluoroacetates
Pheny 1tr ifluoroacetate
Ethyltrifluoroacetate

Chemicals Procurement Co .

18

X

Aldrich Chemicals Co .

3

X

Theor.
2- Phenoxyethanol trifluoroacetate
Isopropylrrifluoroacetate
0 - Trifluoroacetyl vanillin
0 - Trifluoroace ryl phydroxy benzaldehyde

o/c£

Found

51.28

o/oH
4 .27

o/oC
50 .52

o/oH
4.09

6

X

39.04

4.49

38.46

4.48

4

X

t

4500

y

0
0
•
•

()

r

t

4600

y

>
~

?':

..trl

B. 0, 0- Bis- trifluoroacetates

r:n

•

Resorcinol bis - trifluoroacetate
Hydroquinone bis-trifluoroacetate

:?2

t

36,000

X

t

82,000

X

Theor.
Catechol bis-trifluoroacetate
Ethyleneglycol bis- tri fl uoroacetate

-..r

e!Jc£

Found

?':

~

t:l
r:n
•

trl

39 .73

o/oH
1.32

o/oC
40.39

o/oH
1.74

14,400

X

-r

28 .35

• 1:\ S3

29.29

2.30

3560

X

:?2

•

C)

1-j

0

l , 3- Propanediol-bistr ifl uoro ace tate
1 ,4- Butanediol- bis- tr i fl uoroacetate
1,5- Pentanediol-bis- trifluoroacetate
1 ,6 -Hexanediol - bis-trifluoroacetate

Q

31.34

2.24

32.74

3.35

710

X

::c
34.04

2.84

34.56

3.03

64

X

36.48

3.36

36.92

3.48

20

X

~

0

3:

~

8
~

38.71

3.87

38.68

3.93

10

X

>
"'0

::c

()

C. N- Trifluoroacetamides
Trifluoroacetamide

~
()

20 .48

1.86

21.24

1.77

4.4

@
X

~

tr:l
~

D. N, 0 - bis - trifluoroacetates

3:
......

Serine ethylester -bistrifluoroacetate

>
~

z

t

17,100

X

z

0

Tyrosine ethylester -bistrifluoroacetate

"']

t

26,700

y

E. Tris - trifluoroacetates

8"'0
>

z3:

3 - ~ethoxy-4 - hydroxyphenyl

tr:l

ethylene glycol tris- trifluoroacetate

t
The or .

Glycerol tris - trifluoro acetate
3,4-Dihydroxy-B phenyl
ethylamine (Dopamine)
tris-trifluoroacetate

-

0

o/r£
28.95

91 ,000

y

21 ,400

X

42,900

y

Found

o/r£:.

o/oH
1.32

29.89

o/oH
2.16

t

*X, 6% QF-1, 105°C, Nz flow= 60 ml/min; Y, 6% QF-1, 148°C, N 2 flow
tCompound not isolated.

=60 ml/min.
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(/l
w

D. D. CLARKE, S. WILK, AND S. E. GITLOW

154

compounds like N ,0-di-TFA tyramine and N ,0-di-TFA- {3 -hydroxy-,8phenylethylamine, the electron-capture detector offers a distinct
advantage over the flame detector. The retention times of TF A, PF P,
and HFB derivatives were quite similar, an observation made by others
previously 7].
The environment of the amino group does have some effect on the
sensitivity of a compound to the electron-capture detector. This is
most noticeable for the aromatic aminophenols ~ 7 ], which were 10
times as sensitive as those compounds in which the amino group was
not directly attached to the benzene ring. An additional factor of 35
times in sensitivity is shown bytheNTFAderivative of 0-aminophenol
as compared to the para-derivative f 7] (cf. Table I).
We have pursued this point further to determine whether the
aromatic ring is necessary for this high sensitivity to the electroncapture detector of compounds like N, 0-di-TFA tyramine or N, 0di-TFA- -hydroxy- {3-phenylethylamine and found that the aromatic
ring is unnecessary (cf. Table V). Thus, N, 0-di-TFA serine ethyl
ester is quite sensitively detected by electron-capture spectroscopy.
The sensitivity under our conditions of measurement is 17,000
mm 2 /nmole while the sensitivity of N-TFA serine ethyl ester is of the
same order as for N-TFA glycine ester, that is, near unity.
Now, insofar as PFP and HFB derivatives are considerably more
sensitive to the electron-capture detector than the corresponding trifluoroacetamides, as was shown earlier, and also has been shown for
certain steroids [38 ], some workers have expressed the opinion that
electron-capture properties may be directly related to the number of
fluorine atoms in the molecule. Practical use has been made of this
observation by Clark and Wotiz who recommended the use of HFB
derivatives for certain steroids, particularly estrogens and androgens
39
[ ].
However, the validity of a general theory of this type seems
questionable. In fact, in a study reported by Clemons and Altshuller
40
[ ], a tenfold difference in the electron-capture responses of halogenated hydrocarbons was observed, and it can be seen that perfluorocarbon compounds are 1-10,000 times less sensitive to the electroncapture detector than to the hydrogen-flame detector. As one goes
from CF4 to C 3 F 8 there is no significant change in sensitivity to the
electron-capture detector. In addition, 1, 1-difluoroethane, with two
fluorine atoms, is at least 30 times more sensitive to the electroncapture detector than is perfluoropropane, which has eight fluorine
atoms.
Perfluorobutene-2 or perfluorocyclobutane, each of which
have eight fluorine atoms, are in turn 10,000 times more sensitive to
detection by electron-capture spectroscopy than carbon tetrafluoride
or octafluoropropane. This indicates that the overall structure of the

r

GAS CHROMATOGRAPHIC DETERMINATION OF OOP AMINE

155

molecule is a more important variable than the percentage of fluorine
in the molecule.
This does not mean that rules of thumb relating
sensitivity to detection by electron-capture spectroscopy in a limited
series of compounds are of no value, but great care should be exercised in trying to extend them as generalizations of wide theoretical ·
significance.
With this in mind we may return to a cons ideration of our previous
experiences with the trifluoroacetates of vanillin and of p-hydroxybenzaldehyde versus the monofunctional trifluoroacetamides. As was
stated earlier , we were quite surprised when we observed that the
trifluoroacetyl derivatives of benzylamine and of {3-phenylethylamine
as well as related compounds were relatively insensitive to the
electron-capture detector while the TFA derivatives of vanillin and
p-hydroxybenzaldehyde had sensitivities of a few thousand square
millimeters per nanomole.
On the other hand, the referees who
scrutinized our report on the low sensitivity to electron-capture
7
] thought that this was only
detection of the trifluoroacetamides
what was to be expected. Therefore, we returned to simpler cases.
We measured the sensitivity to the electron- capture detector of ethyl
trifluoroacetate and found this to be 0.3 mm 2/nmole. Trifluoroacetamide was detected with · the same sensitivity. If we went up the
series TFA , PFP , and HFB , the increase in sensitivity was quite
small:
3 to 5 to 10 in the ethyl ester series (cf. Tables V and VI).
This is quite different from the increases we saw in going up the series
TFA, PFP, and HFB with benzylamine and phenylethylamine. For
comparison, ethyl acetate has a sensitivity of 0. 003 mm 2 /nmole . This
explains why it is a common solvent in work with the electron- capture
detector. It is the solvent used in most of our work with this detector.
We were now in a better position to appreciate why the referees of
our previously mentioned paper were not surprised by our result with
the N -substituted trifluoroacetamides. Had our initial experiences
with TF A derivatives been the same as theirs, I think we would have
drawn the same conclusions. Fortunately for us, we started from a
different point of departure than they did.
Next we looked at phenyltrifluoroacetate to see where it would fit
into the picture (cf. Table V). Its sensitivity was 18, which is well below that of the derivatives of vanillin or of p-hydroxybenzaldehyde that
are in the range of a few thousand square millimeters per nanomole.
As we go up the series TFA, PFP, and HFB , the increase in sensitivity is 18 to 9200 to 9200 (cf. Table VI). This increase is of the same
order of magnitude as we saw with the derivatives of benzylamine or
phenylethylamine. While at this we examined benzyltrifluoroacetate,
and this had a sensitivity of 680 mm 2 /nmole , which is approximately

e
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Table VI.
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Electron-Capture Responses of Haloacyl Derivatives*

Source or elemental analysis

Derivative

Phenyl pentafluoropropionate
Phenyl he ptafluorobutyrate
Phenyl chloroacetate
Ethyl pentafluoropropionate
Ethyl heptafluorobutyrate
Isopropyl pentafluoropropionate
Isopropyl heptafluorobutyrate

Pentafluoropropionamide
He ptafluorobutyramide

Electron
capture
response ,
mm 2/10-9
moles

t

9200

Theor.

U/oC
43.38

Found

UfoC

U/oH
1.88

41 .23

U/oH
2.06

9200
1090

Eastman Organics
Aldrich Chemicals

4

Chemicals Procureme nt Co~
Theor.
Found
~oC
~oH
U/oC
U/oH
34.95
3.39
36.41
3. 73

16

6

t
Mp
Liter- Found
Theor .
Found
ature
o/oH
o/oH
o/oC
~oC
--------------------~------------~------------~--------~---95:1:
95-7
22 .08
1.23
20.87
1.30
105

102-4

22.54

0.94

21.72

0.74

174
554

*For all derivatives, 6% QF-1, 105°C, N 2 flow = 60 ml/min.
tCompound not isolated.
tLovelace, A.M., Rausch, D.A., and Postelnek, W., Aliphatic Fluorine Compounds,
Reinhold, New York, 1958, p. 268.

30 times that of phenyltrifluoroacetate, but still only approximately
one-tenth that of phenylpentafluoropropionate. Phenyl acetate had a
sensitivity of 0. 9 mm 2 /nmole.
In the dihydric phenol series, catechol di-TFA had a sensitivity
pf 14,400; resorcinol, that is, the meta derivative, 36,000; and hydroquinone bis-TFA, 82,000.
As . we saw earlier, phenyJpentafluoropropionate had a sensitivity of 9200 so that the rule of thumb stating
that the sensitivity of perfluoroacyl derivatives is proportional to the
number of fluorine atoms in the molecule would allow us to predict
the correct sensitivity range for the bis -trifluoroacetate derivatives
of benzene.
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Now, in order to understand why the TFA of vanillin or of p-OH
benzaldehyde were so inuch more sensitive to electron-capture
detection than phenyltrifluoroacetate we decided to look at the acetate
of vanillin. Again to our surprise, this compound was quite sensitive
to this detector. The value we found was 2530. For 4-acetoxybenzaldehyde, the sensitivity was 1510. Thus these acetates are only 2 or 3
times poorer in sensitivity than the corresponding trifluoroacetates.
It has been known from the work of Zlatkis and Lovelock ~ 1 ] and
Gudzinowicz and Johnson [42 ] that 1,2-dicarbonyl compounds or conjugated carbonyl compounds are quite sensitive to the electron-capture
detector. Thus 1,4-diacetyl benzene has a sensitivity of 3800 when
measured under our conditions and terephthaldehyde has a sensitivity
of 3 50. However, the acetoxy group is not directly conjugated to the
aldehyde carbonyl group in vanillin or p-hydroxybenzaldehyde. Hence,
it seems to us that we could not have predicted the behavior of the
acetates of vanillin or of p-hydroxybenzaldehyde from a knowledge of
the sensitivities of the truly conjugated dicarbonyl compounds 1,4diacetylbenzene or terephthalaldehyde.
Landowne and Lipsky [35' 43 ] have referred to electronegative
groups like the carbonyl group as electrophores. They have shown that
conjugated electrophores greatly enhance the electron-capture properties of molecules. When these groups are separated by methylene
groups as in going from diacetyl (that is, 2, 3-butanedione) to acetylacetone (that is, 2, 4-pentanedione), there is a considerable decrease
in the sensitivity to the electron capture detector. The factor is of the
order of 1000. We could demonstrate a similar effect for our aromatic
acetates. Thus 4-acetoxybenzylacetone, in our hands, had a sensitivity
of 1 as compared to 1510 for 4-acetoxybenzaldehyde and 320 for
4-acetoxyacetophenone and 3 70 for 4-acetoxypropiohenone.
We might be tempted to conclude from the results so far mentioned
that the acetate group ought to be considered an electrophore as defined
by Zlatkis and Lovelock [41 ]. However, if we examine the acetates of
the dihydric phenols we see that the sensitivities are quite low:
0.8 to 2 to 0.4 as we go from o- tom- top-, in that order. It seems
then that we must invent a new class of groups whose members can
assist an electrophore without themselves being an electrophore and
that the acetate group is a member of this class.
In addition to the acetoxy aromatic aldehydes and ketones, we
looked at the acetoxy aromatic esters and found these to have appreciable sensitivity to the electron-capture detector, though the values
were an order of magnitude lower than for the corresponding aldehydes
and ketones. Thus 2-acetoxy-methylbenzoate, that is, the acetate of
methyl salicylate, had a sensitivity of 46 mm2 /nmole, while 4-acetoxyf
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methylbenzoate had a sensitivity of 30. In approximate ter:ms, these
latter compounds would be detected with about equal sensitivity with
the hydrogen-flame detector as with the electron-capture detector.
Along the same lines, we examined the series dimethyl phthalate,
isophthalate, and terephthalate. The sensitivities were 1160, 810, and
3040, respectively. Here, of course, the carbonyl groups of the esters
are in direct conjugation.
Lovelock considers that with electrons of thermal energy the formation of stable molecular negative ions is very likely ~4 ]. Hurst and
coworkers, however, have taken the position, from their measurements, that in chlorobenzene, which Lovelock has chosen as the unit
value for his scale of electron absorption coefficients, dissociative
capture is occurring [45 ]. Now, if electron capture occurs with bond
breaking, and this is the rate -controlling process, it would seem possible that there might be a linear free-energy relationship between the
sensitivity to electron capture and the substituent constants measured
in the Hammett relationship, log k = ap.
Therefore, our next approach was to choose a series of substituted
phenyl acetates · to test this hypothesis. When this was done and the
log of the sensitivity was plotted against the a values of substituent
constants taken from the work of Brown and coworkers [" 6 ], we found
an excellent correlation between the sensitivity to electron capture
and the substituent constants a (cf. Fig. 4). The correlation coefficient, in this series of 13 values of a that cover the range -0.2 to 0.8,
is 0. 94. The value of p obtained from the slope of this curve is 5. 52.
This is a very large positive value that would be consistent with a high
concentration of negative charge in the transition state . If we take the
more extensive compilation of substituent constants compiled by Jaffe
47
[ ], we have 19 values of a . Here the correlation coefficient falls to
0.84, which is still very good (cf. Fig. 3). However, the greater scatter
of the values is probably due to the inaccuracy of some of the a values,
which have been taken from various sources. The largest positive
deviations are shown by the p-methoxy, m- and p-aldehyde, *and macetyl groups. These compounds are detected with much greater sensitivity th?-n would be predicted from the values of the substituent constant a. The m-fluorine and m-trifluoromethyl groups showed the
largest negative deviations. The most sensitive compound in this series
is p-nitrophenyl acetate, with a sensitivity of 4 550 mm2 /nmole [" 9 ].
The major practical implication of this observation is that, if
these observations are generally applicable, it should be possible to
*Recent work [48] has shownthatthe a value for the p-aldehyde group quoted in the literature
is in error. A corrected value is given in this paper.
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predict the sensitivity of compounds to electron- capture detection by
making use of the vast literature on the effects of substituents on reaction rates compiled by organic chemists over the last 20 or 30 years.
A survey of the literature shows that a similar conclusion to that
reached above was arrived at by Me Lafferty who studied the major
fragment formed by the ionization of substituted acetophenones in the
ion beam of the mass spectrometer [50 ].
Therefore, we have to agree with Hurst and coworkers that we
seem to be dealing with dissociative capture, at least when we are
studying the electron- capture properties of substituted phenyl ace tates. Two points of difference between Lovelock ' s measurements and
ours should be pointed out. We are using the electron-capture detector
with a constant d - e voltage on the anode while Lovelock prefers a
pulsed voltage. This latter arrangement is believed to allow one to
study the capture of electrons under field -free conditions . Stockdale
and Hurst dispute this point. If they are correct that electron capture
in chlorobenzene is almost completely due to dissociative capture, the
difference between the continuous and pulsed d-e modes of operation
of the electron-capture detector may not be very significant. Another
difference between our methodology and that of Zlatkis and Lovelock
[41 ] is that we do all of our measurements in nitrogen as carrier gas
while they use argon - methane mixtures . As far as we can judge from
the reports of Hurst and Stockdale, this could possibly lead to a significant difference between the range of sensitivities reported by us
and the so-called electron-absorption coefficients of Zlatkis and Lovelock [41 ]. Qualitatively, our results on the sensitivities of compounds,
where they could be compared , are in essential agreement with the
electron-absorption coefficients of Zlatkis and Lovelock [41 ].
Another of our earlier observations that we have followed up is
the high sensitivity of N,O-di-TFA serine ester. On varying the
structure we were able to show that the di-TFA derivative of ethylene
glycol is about as sensitive as the derivative of serine ester. This
certainly could not have been predicted from a knowledge of the
sensitivity of ethylpentafluoropropionate, which as mentioned earlier
had a sensitivity of 5, that is, is some 1000 times less sensitive than
the derivative of ethylene glycol. As we go to glycols where the hydroxyl groups are no longer on. adjacent carbon atoms but are separated by additional methylene groups there is a rapid falloff in sensitivity (cf. Fig. 2).
A potential practical application that we are investigating is the
determination of glycerol as its tri - TFA . An approximate measurement of the sensitivity of glycerol tri-TFA using the electron-capture
detector has indicated that this latter derivative could be detected with
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approximately 1000 times greater sensitivity than triacetin can be
detected by use of the hydrogen-flame detector. This approach of using
trifluoroacetates with the electron-capture detector, also should be
applicable to polyols. There is a recent report in the literature in
which the trifluoroacetates of polyols were separated by G LC [51 ]. The
electron-capture detector was not used in this work. However, it
would seem that an enormous increase in sensitivity could be accomplished by use of the electron-capture detector in conjunction with such
a G LC separation.
Very recently we have exploited the very high sensitivity of the
catecholamine metabolite 3-methoxy-4-hydroxyphenylethylene glycol
as its tris-trifluoroacetate to the electron-capture detector for the
determination of this metabolite in urine [52 ]. HMPG is excreted very
largely in conjugated form, and enzymatic hydrolysis had to be
employed to liberated free HMPG as it is destroyed during acid
hydrolysis. This is probably due to a pinacol-type rearrangement as
was observed for epinephrine by Fellman [20 ].

CONCLUSIONS
The way now seems open for G LC to become a practical tool in the
study of the metabolism of biogenic amines, a field in which fluorimetry
seems to be the dominant technique in current use. This should allow
an independent check on the validity of the presently established
analytical procedures.
Furthermore, the sensitivity of detection
achieved in the present work, while adequate for the task at hand, has
not been pushed to its limit. At the present stage of its development
the determination of catecholamines by GLC coupled with the electroncapture detector seems capable of at least the same or possibly one
order of magnitude greater sensitivity than the presently employed
fluorimetric procedures. If the combination of the ECD and solids
injection technique is used in GLC an increase of another two orders
of magnitude in sensitivity could be achieved. This would seem to
allow G LC to compete favorably in sensitivity with bioassays for
catecholamines or to allow determinations of the levels of catecholamines in small sections-of the order of 1 mg or less-of a tissuelike brain.
The simultaneous determination of various catecholamines, when
suitable chromatographic conditions have been established, also would
be a decided advantage over dividing the final sample for various
analytical procedures. In addition, it should be possible to trap fractions emerging from the gas chromatograph for counting of radio-

GAS CHROMATOGRAPHIC DETERMINATION OF DOPAMINE

161

activity and hence allow a direct determination of specific activities
of various metabolites. This data may allow us to get some picture of
the number and sizes of various metabolic pools of certain of the
catecholamines.
Some drugs, for example, a. -methyl-DOPA, have interfered seriously with the fluorimetric methods of analysis until suitable separation procedures were devised. Any interferences resulting from such
drugs are likely to give additional GLC peaks that would act as a
signal that an interference is present and, with suitable adjustment of
the chromatographic conditions, should be resolvable into a simultaneous assay for the administered drug itself as well as for possible
metabolites.
It is evident from the work presented here that while monotrifluoroacetates are, in general, relatively insensitive to the electroncapture detector, bis- or polytrifluoroacetates are often quite sensitive to this detector, especially if the hydroxyl or amino groups that
are derivatized are on adjacent carbon atoms or are separated by a
conjugated system and thus are effectively on adjacent carbon atoms
by the principle of vinylogy.
The theoretical explanation for these observations .is not evident
to us . It seems most likely that electron capture would occur into the
unoccupied molecular orbital of lowest energy. Thus 77-bonded systems
should facilitate electron capture. It is easy to see why perfluoroaliphatic compounds, which lack such low-energy molecular orbitals,
are very insensitive to the electron-capture detector. The presence
of an unsaturated system in the molecule leads to a marked increase
in the sensitivity of a molecule to the electron-capture detector as
for perfluorobutene or perfluorocyclobutane (4°]. Thus it seems very
unlikely that one can explain the greater sensitivity of monopentafluoropropionamides or heptafluorobutyramides as compared to the
corresponding monotrifluoroacetamides by postulating capture at a
C -F bond. Electron capture in all these derivatives probably occurs
at the carbonyl group. The differences in sensitivity to this detector,
therefore would, seem to be related to the ease of the dissociation
process following electron capture.
Where a facile dissociation
process or stable negative ion formation are not possible or occur with
great difficulty, the probability that the captured electron will be
re-emitted with no effect on the detector rises sharply. Experimental
approaches to distinguishing dissociative capture from stable negative
ion formation have been suggested recently by Wentworth et al. [53 ].
This involves the study of the effect of temperature on the capture
coefficients. Such studies have not been carried out on the compounds
discussed in this article to date.
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The most likely extension of the approachdevelopedhere for those
interested in biomedical research is to the analysis of indoleamines.
While we have done very preliminary work in this area [18 ], we have
not had an opportunity to carry out any detailed studies to date.
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Notes Added in Proof
The higher value in the urine from patients with pheochromocytoma (see Fig. 1) appears to be due to hydrolysis of conjugates of
dopamine on long storage of urine samples. Recent work has shown
that the hydrolysis of normal urine samples prior to the gas chromatographic determination gives values for dopamine levels which are
not significantly different from that reported here for patients with
pheochromocytoma.

